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ABSTRACT

A bio-engineering-economic computer model was developed to produce
average annual budgets, monthly and annual cash flows, and sensitivity
analysis for a commercial penaeid shrimpgrow-out system design located
on the Texas Gulf coast. Given the production data available, growth
equations were simulated for various stocking densities. Sensitivity
analysis was also performed on selected production variables and prices.
A documentation of the program is presented in the Appendix along with
a summary on how to run the proaram.

The resulting analysis of a hypothetical commercial production system
gives estimates of the most likely type of operation that a potential
investor would consider, that is, one that would capture most of the
economies of size. An operationconsistingof twenty-four 2.5-acre ponds
was found to capture most economies of size.

The sensitivity analysis indicated that net returns for an opera-

tion consisting of twenty-four 2.5-acre ponds were most sensitive to
changes in tail size and yield, respectively.
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INTRODUCTION

The culture of aquatic organisms has long been a topic of interest
in the United States. Whether for the purpose of supplementing
natural stocks or supplementing man's diet, the practice has enjoyed
increased support and made significant technological advances in the
past few decades. For some vertebrate species, particularly freshwater
and marine salmonids (trout and salmon), commercial culture has become
an industry. One of the most popular efforts in aquaculture has been
the creation of the commercial catfish farming industry in the southern
United States. Production in 1977 was estimated to be 22 million pro-
cessed pounds [5].

Recently the culture of marine invertebrates has received much
attention as a new and possibly very lucrative industry, due to
ever increasing demands and limited domestic and foreign natural
resources., Much research has been devoted to molluscs (oysters,
clams, and mussels) and crustaceans (shrimp, crawfish, crabs, and
lobsters) by federal and state agenciles as well as private industry
Shrimp mariculture, in particular, has benefited from much interest and
research, resulting in significant technological advances in the last
decade. This interest and research in shrimp mariculture is partly due
to the ever increasing demand for shrimp products, which far exceeds U.S§.
domestic production (487 of the 1977 shrimp product supply in the U.S.
was imported), and to the very successful Japanese shrimp mariculture
industry, where live shrimp bring $7-30 per kilogram on the retail

market [ 42,27].



Since 1969, when Texas A&M University first initiated research
into penaeid shrimp mariculture, much effort has been devoted to the
development of a technologically and commercially viable eculture
scheme. Thanks to extensive research efforts by private, university,
and government facilities throughout the nation, concerning nutritional
and habitat requirements, physiology, pathology, and life history of
penaeid shrimp, the technological feasibility of penaeid shrimp farming
in the Texas Gulf coastal region is almost a reality [9, 12, 14, 24, 28,
29, 31, 32,45 ]. Additionally, considerable research has been directed
toward penaeid shrimp mariculture in the Central American and Caribe
regions [43].

In contrast to variocus trout and salmon programs, the methodology
of culturing shrimp employed to date is rather unsophisticated due to
the lack of control over many factors that constitute the culture process
[6]. The lack of control is directly attributable to insufficient
detailed knowledge of the component factors and their interaction in the
culture system. Because the female of the native species in the Gulf of
Mexico does not consistently mature sexually in captivity, gravid females
must be obtained offshore during their natural spawning periocds. This
factor, coupled with limiting regional climatic conditions along the
northern Texas Gulf coast, restricts culture to the late spring, summer,
and early fall months. Eggs are obtained from females and reared through
the larval stages in a hatchery where the enviromment is closely controlled.
Current intensive hatchery-system techniques were developed by personnel

at the National Marine Fisheries Service laboratory in Galveston, Texas.



These techniques are patterned after Japanese culture methods [11, 12,

26, 36 ). Post-larvae are reared in extensive grow-out ponds until harvest.
The entire process requires approximately 4.5 months for table shrimp (10
grams or more per tail) to be harvested [31]. The chief candidate for
culture from 1972 until recently has been the native shrimp (Penaeus
setiferus), with production of up to 1171 pounds per acre, at stocking
densities of 40,000 per grow-out acre. Previous research with two other
native commercial species, pink shrimp (P. duorarum) and brown shrimp (P.
aztecus), demonstrated unacceptable production and survival potential [30].

Exotic species such as P. occidentalis, P. stylirostris and P. vannamei

are presently being investigated, with the latter species showing the most
promising results [31] Production has been up to 4696 pounds per acre of
P. vannamei in a modified pond system.

Recent technological advancements have brought the commercial feasi-
bility of shrimp mariculture to the threshold of reality. Contributing
further to this status is the attainment of reproduction in captivity of
certain penaeid species [4]. Before significant commercial investment
in shrimp mariculture can be expected, however, economic relationships in
addition to technical considerations must be better understood. Investors
will want to know the vital biological and environmental elements of a
shrimp culture system and how variation in those elements affects production.
Investors will also want to know how much control over these critical elements
can be exercised and at what cost. For penaeid shrimp mariculture to ultimately
become an attractive commercial investment, these questions must be answer-
ed. In addition, the potential economic feasibility of such operations
must be established and readily demonstrable to potential investors and

creditors during their decision~making process.



To establish the feagibility of penaeid shrimp mariculture, much
more research is needed in the areas of biology, engineering and
economics. An integrated computerized biological-engineering-economic
(BEE) model capable of assimilating the necessary budgeting and cash
flows for various maricultural system designs, and of testing the
sensitivity of parameters and input coefficients of such systems, is
developed in this study (see Appendix for program documentation) [1].
The wmodel uses detailed sensitivity analysis to provide insight into
production dynamics. This model is useful in direct application, and
also will provide guidelines for the direction of future research and
assessment of advancing technology.

A model of this design is needed to provide a framework applicable
to most land-based mariculture which involves the utilization of ponds,
levees, and other modifications of land. Due to the nonrestrictive
nature of the analysis format that is employed in the BEE model, many
different maricultural systems geared to distinct production goals can
be analyzed accurately. The BEE model developed in this study will

serve as a more thorough tool and aid for the potential mariculturist

to optimally allocate his monetary resources and to better assess
his investment opportunities. Creditors must also have a comprehensive
understanding of the financial and economic aspects of the operation
to better evaluate invesiment loan applications. This model will serve
as an avenue through which these tasks can be more meaningfully
accomplished.

The use of computerized budget simulatoxrs has been demonstrated as

a very effective tool in aiding agricultural producers to efficiently



allocate their limited resources among various alternative enterprises.
The budget simulator developed at Oklahoma State University by Kletke [22]
for use on livestock and crops has been employed extensively by over

30 agencies in the United States for research, extension and teaching
purposes. That particular simulator provides a means of inputting

basic budget data, performing the necessary computations and printing

the results in convenient form.

Investment and feasibility analyses have been performed on a
variety of aquacultural systems other than penaeid shrimp mariculture
[10, 13, 18, 20, 25, 38, 39, 40]. The majority of these analyses
have involved the derivation of various financial indicators from cash-
flow studies for a particular operation withlittle attention given the
more useful aspects of budgeting and sensitivity. The present state of
technology in each of these areas of aquaculture has resulted in the
relative lack of in-depth economic research.

Anderson and Tabb [3] constructed cash flows over a lé~year period for
hypothetical bait and table shrimp farms of various sizes. A 1973 Texas
A8M study was focused on the economic feasibility of commercial shrimp
farming [46]. The analytical model developed was a format for calculating
rnet present value and return on equity for a small operation. The Williams
model has served as a guideline for follow-up work on investment analyses
of penaeid shrimp mariculture [15, 16, 33]. These studies, which represent
investor interests, are limited to itemizing fixed and variable costs and
calculating per unit production costs. A model containing relationships

between biclogy and economics has not resulted to date.



In terms of aquacultural economics, the most advanced computerized
budgeting research to date has been the development of a model for use

with lobster (Homarus americanus) culture [2, 21]. Designed for applica-

tion in the "technological assessment and the direction of future re-
search,” the model was used to assess the economic impact of variation

of input coefficients and output relationships for lobster culture. Schurr,
Allen and Botsford [37] also constructed an analytical computer model
concerning the biological, physical and engineefing aspects of lobster

(H. americanus) culture. Biological parameters and physical factors
critical to growth were used to mathematically describe lobster growth. The
model of Schurr, Allen and Botsford then served as a basis from which three
facility designs were derived and analyzed. As the case with the Johnston
and Allen model [21], the direction of future research was an important in- .
centative., Additionally, work has been done with computerized modeling on

freshwater prawn population system [34].

The University of Arizona has begun implementation of computerized
management tools in their intensive grow-out system for penaeid shrimp
in Puerto Penasco, Mexico [41]. Programs utilizing the APL language
have been generated which are being directed toward the more efficient
management of the shrimp farm. The programs assimilate current data
as it is generated and provide guidelines for decision-making in terms
of more efficient use of fiwed resources and in terms of actual
manipulation and management of a currentlshrimp crop.

The primary objective of this work is to construct a bio-engineering-
economic model for a shrimp maricultural system by:

1. Assimilating past and current production data from studies

of pond culture carried out by Texas A&M University.



2. Simulating growth equations consistent with empirical data
from (1).

3. Building a budget-simulator computer program capable of the
required budgetary output, cash-flow and sensitivity analysis.

4. Examining economies of size for the simulated maricultural
system.

5. Examining the sensitivity of commercial feasibility to

variations in selected prices and production coefficients,

ANALYTICAL, FRAMEWORK AND ASSUMPTIONS
Analytical Framework
The basic tool for economic analysis utilized within the framework
of this study is budget simulation. A budget simulator constructs
budgets based on detailed itemization of cost and returns of a partic-

ular firm on a per technical unit basis. These values are presented

to reveal the production, total revenue, units of variable input, vari-
able costs, fixed costs, total costs and net revenue of the firm.

This study examines the financial feasibility of a One-crop

operation for a given year within a planning horizon (grow-out season)
of variable length. The basic format for analysis used in this study
is budgeting on a per acre basis. The values produced areutilized to
construct long~run average cost curves. The long-run cost curves are
then used to examine economies of size for a given shrimp maricultural

firm design.



Assumptions
Various assumptions have been made concerning prices, insurance,
financing capital assets, and taxes. Each of these terms is presented
below and geared to.meet the heeds of the firm under consideration, vet

is flexible enough to allow convenient alteration in planning.

Fixed Input Prices

Actual 1978 unit prices for fixed items such as structural compo-
nents, machinery, and equipment were obtained through correspondence
with dealers in the area. The prices for a truck, tractor, trailer
and feedblower were assumed to be $4000, $7500, $2370, and $5000,
respectively. Pump and diesel driver prices were obtained from a
major supplier of pumps to research and commercial maricultural opera-
tions. The price for pipe represents the 1978 price per linear
foot for installed pipe with joints. The prices for pump, pump

drivers and pipes were selected internally based on the demands of the

facility design. Prices for miscellaneous equipment such as a pump
shed, filter apparatus, walkway and drain valve are given as 5100, $500,
$50 and $500, respectively. A cost of $0.55 per cubic yard of levee

and earthen foundation comstruction reflects a 1978 price for the
coastal area of Texas. Crushed rock, used as a surface of the roaded
levees to facilitate all-weather use, is $4.00 per cubic yard. Building
structure cost of $15.00 per square foot represents metal frame con-
struction, cement block walls, insulation, and minimal wiring and
plumbing. Land value is assumed to be $500 per acre for Texas coastal

land with sufficient water supply throughout the grow-out season.



Variable Input Prices

Representative 1978 unit prices were chosen for variable input
and assumed to remain constant over the entire planning horizon of the
firm. Hired labor for feeding, maintenance, and general management is
assumed to be acquired at $3.00 per hour with overtime labor during
harvesting to be at a $4.50 per hour rate. Management labor, that
supplied by bwner-operator, is charged at $8.00 per hour or $18,000
per’ year,

Fuel costs are delineated between truck, tractor and pump
fuel. Truck fuel (gasoline) has a value of 51 cents per gallon. Trac-
tor and pump fuel (diesel) is assigned a value of 41 cents per gallen.

Utility rates are assumed to be applicable to ceastal utility
companies in the state of Texas. Electricity is set at four cents per
kilowatt hour. Water is set at $2.16 for the first 1000 gallons used,

and $.57 for any 1000 gallons over the first 1000 gallons. TYce used

during harvesting is crushed ice and a conservative price of three
cents per pound is assumed. The cost for post-larvae is $2.50 per

thousand.

Output Prices

The output prices utilized in this study are the appropriate
ex-vessel prices for acount size range the boat operator receives
dockside for his headed or unheaded catch. To estimate monthly 1978
ex~vessel prices, an arbitrary selection of one week from each month
was selected from June to November for years 1976 and 1977 from the

"vellow sheets" distributed by the National Fisheries Service. Thege



prices were averaged over the two years after subjecting the 1976 price
to the average wholesale price index of the two vears. The 1978
average weekly prices for the first week in June through November were
obtained in this manner. The procedure is performed for all ten
different count ranges for P. setiferus. The process results in a

matrix of sixty ex-vessel prices projected for 1978,

Insurance

A firm such as the one under consideration in this study has
an assortment of insurance needs. Insurance is required for the capital
assets, property (buildings), and employees of the firm. The insurance
needs in this analysis are itemized separately.

Buildings are insuréd at an annual 4.5 percent of appraised value
to allow for fire, wind, storm, and extended coverage. Machinery

such as trucks, pumps and valves, tractors and implements, and other

machinery items are insured annually at .76 percent of replacement
value.
Employee insurance (fringe benefits) is Workman's Compensation

which is an annual rate of $8.17 per $100.00 of annual payroll.

Financing

Bank loan terms vary depending upon the capital asset involved.
Provided in the finance terms are (1) percent salvage value, (2) total
value of assets for operatiom, (3) percent of total value financed,
(4) length of loan, (5) number of yearly payments, (6) interest rate,
and (7) economic life of the asset. These terms can vary and are

dependent upon the credit needs and investor demands. The following
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items are treated as separate assets each with its own loan and financing

terms:

1) (2) (3) (&) 5y () (D
Land 0.00 Varies with .90 10 yrs 1 .10 10 yrs
Land Improvements 0.40 size of .90 10 1 100 10
Road Material 0.40 operation .90 10 1 .10 10
Building 0.50 " .90 16 1 .10 10
Truck(s) 0.00 " .80 5 12 .12 7
Tractor(s) 0.00 " .80 5 12 .12 7
Feed Blower (s) 0.00 " .80 5 12 1210
Pumps 0.00 " .80 5 12 .12 10
Drain Valves 0.00 " .80 5 12 12 10
Watergates, Filters 0.00 " .90 10 i L1000 10
Pipe .30 " .90 10 1 .10 10
Taxes

Depending upon the organizational alternative, a firm will ineur

an array of different taxes. This study assumes the organizational
alternative to be the sole proprietorship. The taxes to be accounted
for include real property taxes, social security taxes, unemployment
taxes and federal income taxes,

Assuming that the operation is located in Brazoria County, Texas,
a real property tax rate of $2.44 is applied to every $100.00 of 20
percent of the total value of buildings, machinery, equipment, and
land with improvements.

Social Security tax 1is calculated as 8.1 percent of the firm's
taxable income up to $17,700. Emplovyee's social security taxes are
6.05 percent of employee's income with the tax for any one employee

not to be applied to income over $17, 000,

11



Unemployment taxes are derived by finding the product of each
annual employee payroll and the employment tax rate. The current
employee tax rate is .8 percent. This is applied to the first $6,000
of each employee's payroll.

To determine the amount of income taxes a firm must pay, the
cash method of accounting is utilized which assumes all taxable income
is included during the taxable year in which the'payment is received
[19]. Deductions for taxable income include cash operating
expenses, interest on loans, depreciation, unemployment taxes, property
taxes, insurance, and social security taxes. The tax schedule employed .
is for married individuals with no children, and filing joint returns,
The importance of accurate cost accounting for income tax purposes can
be seen when one realizes the progressive nature of the tax schedules

employed.
GROWTH SIMULATION

Included in this study is the development of a model which
adequately describes the growth process of shrimp in the grow-out ponds.
In developing this growth model, simulation techniques are applied in )
a restricted fashion, due to limiting factors induced by the data.
Thus, an algorithm sufficient in generating growth over time is derived.
This study concerns only individual shrimp in the growth simula-
tion process. Linear and nonlinear equations are employed in deriving
growth over time. Estimates related to growth on the population level

are then extrapolated. from this information.
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Growth Data and Limitations

Data collected in 1972-1977 for Texas A&M's research facility in
Brazoria County consist of length-weight data at weekly intervals.
Length~weight data consist of a mean length (mm) and weight (grams)
for 25 specimens from each pond. Water chemistry data consist of
temperature, salinity, pH, and dissolved oxygen. Also included in the
data are the daily feed per pond and the feeding schedule, whether it
be regular or intermittent.

Irregularities in the collection of data and deviation from
planned experimental design did occur. Ponds that experienced die-
offs before termination of the grow-out experiment, or had their
densities otherwise altered after stocking, are eliminated from further
consideration in this study. The lack of adherence to original experi-
mental designs due to factors beyond the control of researchers restricted
the applicability of results of this analysis to the years 1972 and 1977.

Only data representing the native species P. setiferus are used
for this analysis?.due to the relatively consistent nature of the
growth of that species. That consistency has led to the selection of
P. setiferus as the chief candidate for culture among the three native
species. Exotic species have shown better survival and growth; however,
limited supplies of post-larvae have restricted their use in produc-

tion research.

13



In 1972, there were six half-acre ponds that produced growth
information under a common experimental design (Table 1). These six
ponds were all stocked with 20,000 post-larvae per pond (40,000 per
acre). The shrimp were reared for 15 weeks (three ponds) and for 17 weeks
(three ponds). All pond data exhibit linear growth patterns of shrimp
although extreme variations in feeding rates were coincident. In 1977,
there were thirteen ponds that followed a common experimental, design.
Ten of these ponds were stocked at 40,000 per pond and three were
stocked at 36,500 per pond. Due to these stocking densities being
so close, they are grouped together into one density class (80,000
per acre). These shrimp were reared for 24 weeks (2 ponds) and for 27
weeks (11 ponds). Data for 1977 resemble the 1972 data in that the
growth is fairly linear and continuous. However, the coincident feed-
ing data are most erratic and are not correlated with growth,

In summary, the growth data over time for both yvears exhibit
linearity. It is interesting to note that the linear nature of the
data persists throughout the grow-out season. Correlation with growth

and the intuitively expected responses in growth to changes in feeding

and water chemistry are found to be absent. Obviously, feeding rates
and water chemistry play an important part in the growth of cultured
shrimp; however, due to the low correlation shown by the data, these
relationships cannot be quantified. Also, due to the limited amount
of data that can be utilized and the limited number of "treatments"
employed, i.e., stocking density and harvest density, the derivation
of an appropriate growth model is severely constrained.
The data are further limited by the confounding of years and

stocking densities within each year. In other words, the effect of

14



1972

1977

Table 1. Results Obtained with Hatchery-Reared Penaeus setiferus
From .5-acre Ponds in Brazoria County, Texas During 1972
and 1977.
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2 20,000 39 347 120 12.2 65 1.9:1 62
5 20,000 99 329 120 12.2 62 1.8:1 62
6 20,000 98 154 122 12.4 25 2.3:1 61
11 20,000 112 318 120 12.8 56 2.9:1 59
16 20,000 113 253 125 14,4 40 3.0:1 53
17 20,000 113 227 123 13.9 37 2.7:1 54
2 40,000 158 1038 102 7.0 84 2.1:1 108
h 40,000 162 1186 100 6.4 105 1.7:1 118
5 40,000 i75 1034 110 8.5 69 2.4 90
6 40,000 175 910 106 7.6 68 2. 411 100
il 40,000 178 1148 95 5.9 110 1.9:1 128
12 40,000 179 880 92 5.4 92 2.7:1 138
13 40,000 179 966 92 4.9 112 2.2:1 155
14 40,000 176 1148 105 7.0 93 2.2:1 108
15 40,000 175 802 108 8.2 55 3.5:1 92
16 40,000 178 928 99 6.7 78 3.2:1 113
18 36,500 176 966 104 7.0 85 2.8:1 108
19 36,500 178 872 99 6.5 83 2.6:1 115
20 36,500 176 892 105 7.6 73 2.8:1 98
Source: TAES annual report--shrimp c¢ulture demonstrations during

1972 and 1977.
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years has not been identified. Had each two stocking densities been
examined during each year, the effect of years (weather, management,
technological advances) might have been quantified. Conclusions

drawn from this data must recognize these limitations.

Derivation of Growth Equations

In modeling the physical system for penaeid shrimp, a growth
model for the shrimp in the grow-out ponds must be included. The
present study simulates growth of the shrimp on an individual basis
and extrapolates up to the population level. The system {capacity)
determines growth (production) rather than growth determining the system.
The latter is the case in the Allen and Johnson model [2]. Due to the
limitations induced by the data, growth is expressed only as a function
of time and stocking density.

Although the data exhibit linearity over the grow-out periods
for 1972 and 1977, it is assumed that after a length of time the
growth curve must begin to increase at a decreasing rate, indicating the
animals' approach toward the asymptotic weight (common maximum weight an
animal is known to be able to achieve)., Therefore, for the purposes
of this study, the growth curve is assumed to have a linear and a curvi-
linear section. The linear portion being described by the data, the
curvilinear portion being intuitive and supported by the literature [7, 8].
For the curvilinear portionm the classical von Bertalanffy growth equation
(Figure 1) gives as

3
- ~k{t-t )
wo= W[l - e o’ ] (1)
is suitable for describing growth of this nature. In this equation W is
weight at time t, We is the asymptotic weight, k is a catabolic coefficient,

and t is the time period in which weight is assumed to be zero.
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The linear equations were estimated where weight (Y) in grams was a

function of weeks (X).

Y =-2.56 + 1.01 X @ 40,000/acre {(2)
Y =-1,89 + ,825% @ 50,000/acre (3)
Y =-1.28 + .65X @ 60,000/acre (4)
Y = b6 + 475X @ 70,000/acre (5)
Y = A8+ .3 X% @ 80,000[acre (6)

For 1972, the estimated regression equation is given in equation (2). The
regression began in time period (week) 4 and ended at time period 17 when
the shrimp were 128 days old (time in pond). TFor 1977, the regression is
given in equation (6). The regression began at time period 3 and ended at
time perloed 26 with the shrimp being 190 days old. All coefficients were
significant at the 5 percentage level. The coefficients of determination
(R-square) for both equations was of 0.98 which exhibits the extremely
linear nature of the data over the range of the grow-out period,

Based on the regression equations (2) and (6), linear equations (3),
(4), and (5) are interpolated for stocking demsities of 50,000, 60,000, and
70,000 per acre pond respectively. These three equations are forced through
the point (3.5, 1.0) which represents a weight (Y) of 1.0 gram at 3.5 weeks
of age (X) which is assumed common to all stocking densities during the
early grow-out period.

The estimation of the curvilinear segments of these growth equations
beyond week 18 is accomplished by forcing the von Bertanlanffy equation
through values of weight generated by each linear equation for weeks 4
and 18. Time period I8 is assumed to be the maximum time period in which

weight is generated by the linear equation. The resulting curvilinear
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equations are then attached onto the "end" of each linear equation after
time period 18 (Figure 2)}. The curvilinear equations with their appropriate

stocking densities are given in equations (7) through (11).

3
e—.04(t - (-2.0)) 1

W, = 87[1 - 8 40,000/acre (7)
w, = 87[1 - o70%(E - (“‘3'5))3} @ 50,000/acre (8)
w, = 87[1 - e 029 - (’4'9))3} & 60,000/acre (9)
w = 87[1 - e~ 0230 - (7'0))3] @ 70,000/acre  (10)
w = 87[1 - 37019t - (7'5))3] @  80,000/acre (L)

The asymptotic weight We is supported through work by Klima on Gulf shrimp
growth [23]. Although the asymptotic weight of 87 grams may very well be
too high for pond-reared shrimp, lack of any valid estimation for cultured
shrimp warranted its use.

To estimate the biomass of a population over time, the number of
individuals and rate of attrition from the population over time must be
estimated. At the time of this study, there was no satisfactory method
for accurate estimation of survival of shirmp in research ponds at a
given point in time prior to harvest. Survival at harvest represents the
only data available on survival. Average harvest survival percentages are
48 and 76 for 1972 and 1977 data, respectively. From an intuitive biological
standpoint and from unpublished data [30], survival is assumed to be 75

percent inclusive of weeks 1 through 17 and 66 percent after week 17.
FACILITY DESIGN AND ENGINEERING ASPECTS

The system design in this application of the BEE model represents an
attempt to duplicate as a commercial operation the present research facility

operated by the Texas A&M Extension Service. However, there are some dif-
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ferences between the simulated and the actual system.

The research system consists of a series of individual ponds aligned
in two equal rows. A central reservoir, into which water is pumped from
an outside source, is located between the two rows of ponds. Once the
water is pumped into the central reservoir it is gravity-fed into each
pond. A selected flow-through is achieved by allowing water to escape
from a pond by an adjustable valve extending through the outside levee.

The levees utilized for the research ponds are of two types:
those forming the perimeter of the pond system and surrounding the
reservoir with a roaded top and those found between the ponds without
a roaded top. The longest dimension of the pond is oriented along
the latter levee. The bottom of the pond has a gentle slope toward
the reservoir to facilitate better drainage during harvesting. Harvest-
ing is accomplished by opening a valve on the reservoir end of the
pond and allowing the water to drain through the levee into a net. A
single pump and engine provide the necessary power to supply water to
the reservoir. The difference between the water level in the ponds and
the reservoir provides enough head to facilitate adequate gravity flow
into the ponds. There also exists a portable office trailer and suffi-
cient machinery and labor to run the operation in a research capacity.

The system developed by the BEE model has the pond units oriented
with the long side against the roaded levee (Figure 3). This arrangement
is to allow better dispersal of feed over the entire pond surface. The
levees surrounding the reservoir are higher than those forming the perim-
eters of the ponds. Also, the water level in the reservoir is two feet

higher than the water level in the ponds. This allows for greater head
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and an increased rate of gravity flow into the pond.

The BEE model has the ability to "build" an operation of the
Brazoria County facility design consisting of any number and size of
ponds. Given the dimensions of the levees and the pond perimeter, the
model generates the volume of dirt needed to construct the levees, the
water-surface acreage and the total acreage for the facility.

In selecting a pumping system, consideration must he given to the
amount of water which must be exchanged through the system every day.
The BEE model accomplishes this by estimating the volume of water in
the system (acre-feet times the pond depth) and applying the appropriate
maximum daily exchange rate. A gallon-per-minute value (Q) is obtained
from

_AXBXxDxXxRxXxN
192.5

Q (12)

where A is the pond unit length in feet, B is the pond unit width in
feet, D is the depth of the water in the pond unit in feet, R is the
maximum daily rate of exchange necessary, and N is the number of pond
units. The denominator is a constant which converts the numerator to

gallons per minute. The appropriate pump size is then selected based

on the maximum gallon-per-minute capacity of the pump and the maximum
gallon-per-minute requirements of the system.

Once the volume of water exchange and the appropriate pump size
are selected, the size of pipe appropriate for handling the designated
water volumeis derived. Assuming that the length of the pipe betweer
the reservoir and pond is minimal and effectively negates any head loss
due to inside friction of the pipe surface, the first step is to esti-

mate the velocity flow (free flow) for water given the asssumed head of
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the system design. The velocity flow of water is therefore given as
v = (2 s 32.27)1/2 (13)

where V is the velocity flow in feet per second, AH is the head in

feet, 2 is a constant, and 32.27 is the gravitational constant [44].

By assuming that there will be no pumps forcing reservoir water into

each individual pond, and haviﬁg determined the velocity flow of water
flowing freely from the reservoir into the pondé, the model then computes
the diameter of pipe that will allow the desired gallons-per-minute to
free—flow into the ponds at the computed flow velocity. The pipe diam-

eter is therefore given as
D = [(.4085 Q)/V]1/2 (14)

where D is the diameter of the pipe in inches, .4085 is a constant, Q
is the computed gallons—per-minute, and V is the velocity flow [44].

One of the major variable expense items 1s fuel cost. Given that
the system is a mariculture operation, large quantities of salt water
must continually flow through the system to maintain the proper water
quality. Therefore, the fuel cost for the pump driver is substantial.
This model determines fuel requirements for the pump driver on a pexr
hour basis, when engineering coefficients associated with the pump,
pump driver, and type of fuel used are specified. Water horsepower
or the power needed to move a given volume of water at a given rate is
given as

WHP = Q(AH)/3960

where 3960 is a conversion constant. The fuel required (gal/day) is

given as
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. WHP(24) 2547

EpEpd BTU (15)

PF

where PF is the gallons of pump driver fuel per day, 24 is hours per

day, 2547 is a constant in BTU/HP-Hour units, EP is the pump efficiency,

Epd is the pump driver power unit efficiency and BTU is the BTU's

per gallon of fuel. The daily volume of fuel is then multiplied by
the current price per gallon of fuel to obtain the final cost for

the facility in a given day. The pump is assumed to run continuously

with programmed alteration in the daily exchange rate.

RESULTS

The following analysis yields information concerning the most
likely production level and size of operation which captures most
economies of size when employing the basic system design of the Brazoria
County facility. The analysis proceeds in an iterative fashion,
initially indicating the per surface acre stocking density which ex-~
hibits the most profits or the least amount of loss, then suggesting the
appropriate pond size to employ and finally determining the number of
ponds of the appropriate size which capture most economies of size.
This latter step yields a likely size operation of the assumed design.
In arriving at the latter value, projections on internal rates of return
(IRR) on equity and total investment and estimation of payback period
are provided. Sensitivity analysis is performed on the final operation
yielded. 1t must be emphasized that this procedure is not intended to
be an optimization plan. This model is capable of costs and returns
budgeting, but is not designed to find the optimum operation size and

production level as are other techniques (i.e., linear programming).
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Aside from the underlying assumptions discussed earlier, additional
assumptions have been established and held throughout the following
analysis. The analysis assumes a grow-out period that begins on day
125 (May 5) and ends on day 308 (November 4), which is the length of
the grow-out season (approximately six months) that can be expected
for the northern Texas Gulf coast, given normal climatic conditions.

It is assumed that viable eggs can be obtained approximately two weeks

prior to stocking through sourcing offshore for gravid female shrimp.
Incrementing Stocking Density

The twenty half-acre ponds (size of the research facility) are
subjected to analysis for each stocking density, in terms of per water
surface acre (5A) and total acre (TA) yield, total variable cost (TVC), "
total fixed cost (TFC)}, total cost (TC), total revenue (TR), break-even
price (BEP) and net revenue (NR).
Yield S/A increases from 329 pounds to 964 pounds for the 40,000
and 50,000 stocking densities, respectively (Figure 4)}. Yield declines
to 932 pounds at 60,000 stocking density, then decreases rapidly for
higher stocking demsities. The 40,000 stocking density has a more -
rapid growth rate, as is evident with the largest tail size, yet pro-
duces less total biomass or yield than the 50,000 and 60,000 stocking

densities due to a given survival percentage being applied across all

stocking densities for any time period.

TC/SA increases slightly at a constant rate as stocking density
increases. The increase is due to an increase in the amount of feed
needed to supply the population of each stocking demsity. As the stock-
ing density increases, the average individual weight of the shrimp

decreases., As the individual weight decreases, the percentage amount
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of feed allocated per shrimp is increasing., This results in a net
increase in feed as stocking density is increased.

TR/SA declines as the stocking density increases. This trend is
attributable to the lower stocking density producing larger size shrimp
which demand a higher price. The 40,000 stocking density produces 26.6‘
gram shrimp (heads-on) which demand an ex-vessel price of $3.25 per pound
of tails, and the 80,000 stocking density produces 9.1 gram shrimp at
$0.79 per pound of tails. TR/SA falls from $3016 at the 40,000 stocking
density to $500 at the 80,000 stocking density. The stocking density of
40,000 realizes the least amount of loss with NR/SA of —-$2789. The NR/SA

decreases to -$5549 for the 80,000 stocking density,

The analysis reveals the 40,000 stocking density to be the "best"
of the available stocking densities to use since it exhibits the least
amount of loss. This relationship is assumed to be linear as the pond
size increases. The 40,000 stocking density, the accompanying price per
pound and size of narvested shrimp will be used through the remainder of

this analysis.
Incrementing Pond Size - Twenty Ponds

Economées of size imply that the long~run average cost of production
decreases over a given range of output, resulting in cheaper, more efficient
(in terms of input) production {17]. A unit of output in this study can be
expressed as yield per SA since output per SA is held constant. If economies
of size exist, an investor will increase the size of this operation to take
advantage of these decreasing costs per unit of output, that is, yield per
SA.

The size of the operation (acresof land) cén be increased in one of

two ways. Either increase the pond size while holding. the number of ponds
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fixed or vice-versa. Both situations will be examined. Once the pond size
that captures most of the economies of size has been determined, the num-

ber of ponds of that particular size will be incremented.

Figure 5 expresses the TC and TR curves for a 20-pond operation
over the pond size range of .5 to 5.0 acres. These values represent
the TC and TR of the entire operation. The TC curve tends to incrgase
at a slightly increasing rate over the range of pond sizes. The TR
curve increases linearly. Figure 6 exhibits the nature of the "average
cost" curve (TC/SA) for this range of pond sizes. This curve is
analogous to the classical long-run average cost curve expressed over a
given range of output. The TC/SA curve decreases at a decreasing rate
partially because of fixed costs.

Fixed costs per SA for the operation are dependent upon the ratio
of BA to TA of the operation. This ratio increases at a decreasing rate
as the pond size increases. For most machinery and equipment (which

includes trucks, tractors, pumps, etc.) costs will decrease per SA as

pond size increases, Alsco land improvement cost per SA decreases since
levees, roads, and earthen foundations decrease as a percentage of TA
as TA is increased. Finally, TC/SA is influenced by TVC which is due
to labor being used much more efficiently as pond size increases. With
TR being linear through the origin, the TR/SA ("average revenue') is
constant at $3017.
TC/SA decreases rapidly from .5-acres per pond through 1.5~acres
per pond. At approximately this point, a break-even situation occurs (TC = TR},

At the 2.5-acre pond size, the TC/SA has decreased to $2446. 7This value
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then decreases slightly until a value of $2311 is reached at the 5.0-
acre pond size, a decrease of only 4 percent relative to the overall
decline from the 2.5-acre pond size. Therefore, most economies of size
have been '"captured" by the 2.5-acre pond size.

Note that the TC/SA curve in Figure 6 remains nearly constant over
the range of pond sizes of 2.5 to 5.0 acres. The analysis was terminated
at the 5.0-acre pond size; however, classical theory suggests the TC/SA
curve may eventually begin increasing as the firm gets increasingly
larger and the effects of negative economies of size begin to outweigh
those of positive economies of size. This may become apparent in a
reduction of management efficiency as pond sizes increase. Also, appli-
cation of machinery may become less efficient as pond size is continually
increased. Those relationships, however, have not been quantified and
applied in this study.

Having determined the size of the individual pond which captures
most economies of size, the next section deals with deciding how many of

these ponds capture most economies of size.
Incrementing Number of 2.5-Acre Ponds

By increasing the number of 2.5-acre ponds, the response of TC/SA
to an increase in number of ponds can be observed. This will provide
the number of 2.5-acre ponds which capture most economies of size. The
total number of ponds is increased from 8 to 48.

In Figure 7, the 24~pond operation (96 total acres) is seen to cap-
ture most economies of size when employing 2.5-acre ponds. At this

point the firm's marginal decrease in TC/SA is nearing zero. Any further
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addition of 2.5-acre pond units results in a very slight decrease in
TC/SA relative to the decrease in TC/SA prior to the 24-pond operation.
The operation would have an IRR to equity of 71 percent, an IRR to total
investment of 17 percent and a payback period of twe years. As stated
earlier in terms of pond size, this does not represent the optimum
operation size, but rather a likely operation size for commercial pur-
poses for minimum investment into a new high-risk venture.

At the 96-acre operation, an average year would require an ex-vessel
price of 82,60 to break even (Table 2). Within the cost per pound of
production, feed can be seen to be the major cost per pound of tails
(26 percent of TC/pound of tails). Labor is the second most important
variable cost item.

Reductions in variable cost items such as feed cost per pound and
post-larvae cost per thousand could reduce per pound cost of tails.
Reductions in labor expenses (more efficient utilization of resources

and not per hour cost) would have even a larger impact. However, this

model assumes a minimal labor application. In summary, TVC is a larger
part of the cost of producing a pound of tails than is TFC.

In terms of fixed expenses (46 percent of TC/pound) depreciation
is the largest cost item. Income and property taxes are the second
largest cost, followed by interest. Major fixed expenses (depreciation)
could possibly be reduced for this and larger operations through
increased economies of size for machinery (more efficient application).
However, machinery investments are a small percentage of total capital
investment for the 96~acre operation (approximately 16 percent). Reduc=-
tions in the major depreciation item, land improvements, would not be

expected.
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Table 2: Cost Constituents of Break-Even Price (Cost of Production
by Pound of Tails} for an Operation Employing Twenty-Four
2.5-Acre Ponds.

(3} (% of Total)
Variable Costs
Hired Labor .15 6
Management Labor .32 12
Feed .68 26
Fertilizer .01 1
Fuel .03 i
Machinery Maintenance .01 i
Utilities .03 I
fce .02 i
Postlarvae L1 h
Payroll Taxes .04 |
Sub Total $1.40 54%
Fixed Costs
Insurance .03 1
Depreciation .51 20
interest .31 12
Income and Property Taxes .35 13
Sub Totatl $§1.20 k6%
Total (BEP and Cost of
Production) $ 2.60
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SENSITIVITY ANALYSIS

By looking at the responsiveness of a firm's NR/TA to a change in_
various selected input prices and production variables, a firm's manager
may, by assessing this responsiveness or sensitivity to change, alter
his production scheme. By taking advantage of the sensitivity for an
appropriate input coefficient, the production process may becdme more
efficient in terms of input/output.

The following sensitivity analysis examines the change in NR/SA
relative to change in certain management and non-management variables
for an operation design consisting of twenty-four 2.5-acre ponds (60
SA and 96 TA) in Brazoria County, Texas. Management variables can be
altered or substantially influenced by the manager. Non-management
variables are determined by outside factors (market and economic
conditions) which are beyond the direct and immediate control and
influence of the firm manager or are predetermined by the production
scheme. The management variables subjected to change were stocking
density per SA and length of the production period (grow-out seasomn).
Non-management variables include size of tails at harvest, total yield/
SA, hourly wage for hired labor per hour, price per pound of feed, and
price per pound (ex-vessel) of harvested tails. Tables 3 and 4 serve
as summaries of the responses of NR/SA to a change in a single wvariable

or price with all other values held constant.

Management Variables

Stocking Density Per SA (Base Value: 40,000)

NR/SA are extremely sensitive to stocking density. However, recall
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that the assumptions held in terms of growth rate and survival substan-
tially affect this level of sensitivity. Regarding each increase as

25 percent increments, NR/SA is decreasing due to the slower growth
rates at high densities (Table 3). The slower growth rates result

from various biological and environmental interactions found in popula-
tions at higher densities, The limited biological data suggest that
these interactions have a negative effect on shrimp growth. The highest
stocking density results in a 400 percent decrease in NR/SA from the
base value of $608 per TA. Increase in the basic understanding of under-
lying factors influencing populations of different densities may result
in higher yields at higher densities. The implications to NR/SA are

obvious.

Length of Grow-Out Season (Base Value: 5ix Months)

The length of the base Erow-out season is dictated by the climatic
conditions of the area, especially for extensive culture where controls
on environmental parameters are limited. The northern Texas Gulf coast
experiences a decrease in the ambient temperature consistently in late
October or early November. This decrease is such that shallow bodies
of water (such as ponds) will cool very quickly. Lethal minimum temp-
eratures are reached soon and this signals the end of the grow-out
season. April is assumed to be the earliest month at which the ambient
temperature will allow growth for juvenile white shrimp.

Assuming this grow-out season could be extended for one month,

which is highly unlikely unless the operation was moved to an area more
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tropical in climate, NR/SA would increase by 46 percent (Table 3). The
longer grow-out season would produce a larger, more premium priced
shrimp product. The more likely situation is that, due to an early
onset of fall temperatures, or a late spring, or a delay in larval
acquisition, the grow-out season may be shortened. A reduction of the
grow-out season by one month results in a dramatic decrease in NR/SA.
This decrease is much greater relative to a one-month increase in the
grow-out season. Reducing the grow-out season to 4 months, however,
decreases NBR/SA by a lesser amount.

The grow-out season length may be increased by employment of heat-
ing devices, pond covers, or heated effluent from an industrial source,
such as a power plant. An effective method of insulating or otherwise
controlling the ambient pond water temperature may dictate higher TFC.
This model does not assume the operator has the ability to option for

these facilities.

Non-Management Variables

Yield Per SA (Base Value: 590 1bs.)

Yield is strictly dependent, given an assumed growth equation,
upon the two control management variables. A change in technology
might produce greater consistency in production, reductions in
mortality, increased growth rates at higher stocking densities and
increased number of crops of smaller shrimp. This analysis examines
an increase and decrease in Yield/SA. A commercial operatiom, at present,
would not have total control over production and may experience varia-
bility of yield about an expected level. A 10 percent increase (or

decrease) in Yield/SA will produce a more than double that percentage
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increase (or decrease) in NR/SA. With an improvement in technology
toward increased or controlled Yield/SA (production comsistency at

higher yield levels), substantial gains would be expected,

Size of Harvested Tails (Base Value: 15.6 Grams)

Given an expected growth rate and grow-out season, an unexpected
tail size higher or lower at harvest can have substantial impact on
NR/SA (Table 4). 1In fact, a percentage increase in tail size without
reddction in mortality within a pond increases NR/SA by a greater
percentage than an increase in the number of shrimp of a given size
within a pond. This points ocut that the marginal contribution to finan-
cial feasibility of decreasing wmortality is less than that of increasing
the growth rate for a given amount of feed, labor, etc. The larger
shrimp will draw a higher price. Increasing the tail size has a greater
jmpact on NR/SA than does the increase in NR/SA from an increase in
sheer biomass.

The drastic decreases in NR/SA, with decreases in tail size, indi-
cate the impact of a percentage decrease in tail size. Consistent
growth, and thus, consistent tail size, for shrimp in the production
season, will certainly be reflected as greater predictability of NR/SA.

Cost Per Hour For Hired Labor (Base Value: $3.00)

The second largest cost item for a shrimp mariculture operation
is that of labor. This cost is greater per SA for smaller operations
than it is for larger ones. As the size of the operation increases
the operation becomes less labor intensive and more efficient. The

decrease in NR/SA as the wage rate is increased is very slight due to
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labor already becoming a less important component of TVC for the
operation (11 percent of TVC for the 96-acre operation consisting of

24 2.5~acre ponds). The percentage decrease in NR/SA is much less than
the percentage increase in hourly wage rates. This would not be the
case for a smaller operation where hired labor comprises a greater

percentage of TVC/SA.

Feed Price Per Pound (Base Value: $0.15)

The cost of feed is the largest single variable cost item per SA
for the mariculture operation regardless of size. The percentage re-
sponse in NR/SA for a given percentage change in feed price is relatively
the same, whether the change be an increase or decrease in feed price.
Even though feed is the major variable cost item, the percentage
response in NR/SA is much less than the percentage change in price per

pound of feed. Given the feeding schedule applied in this study, the

reduction of price per pound of feed should be a priority item in terms
of future research directed toward reducing operating costs.

Ex-Vessel Price Per Pound of Tails {(Base Value: $3.25)

Historically, the ex-vessel price received for shrimp tends to be
erratic in nmature. Since the price of $3.25 produces considerable
profits for the 96-acre operation, this analysis examined the effects
of only a price decrease from 10 to 30 percent. The decrease in NR/SA
due to percentage decreases in the ex—vessel price for tails of the
assumed size is substantial. However, even the 30 percent price
reduction still shows a positive NR/SA for the operation. This study
assumes that the level of output from a mariculture firm will not alter

the current market supply enough to influence price.
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Sensitivity Summary

The sensitivityanalysis indicates the marginal impact on NR/SA for
each production variable and price exhibits assuming all others are held
constant at their base value. Of the management variables, length of
grow-out season is the most influential on NR/SA. Ranking the non-manage-
ment prices and variables in order of the magnitude of ‘their impact on NR/SA
vields the following: (1) tail size, (2) ex-vessel price of tails, (3) vield,
(4) feed price, and (5) hired labor wage rate. Note that the percentage
response of NR/SA due to change in yield and ex-vessel price are virtually
the same. By definition, TR/SA (yield times ex-vessel price) minus TC/SA
gives NR/SA. Therefore, a given change in yield or ex-vessel price (given

one of the two remains constant) will result in equal responses in NR/SA.

SUMMARY, LIMITATIONS, AND CONCLUSIONS

The computer model developed in this study is capable of budgetary and

cash flow analyses. Based on costs and returns generated by the model,
economies of size were examined by incrementing pond size and then the

number of ponds for a given facility design. Sensitivity analyses were
performed to provide information concerning the responsiveness of net

revenues to change in selected production variables and prices.

The results and analysis in this study are dependent entirely upon the
assumptions and relationships integrated into the program. Future research
will provide the information needed for updating and modification of the
model. Based upon assumptions established and maintained with the frame-
work of themodel, large-scale penaeid shrimp maricultural operations of

the assumed design and located in Brazoria County, Texas, could be profitable.
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An operation containing 96 TA, 60 SA of which comsist of twenty-four 2.5-
acre ponds, would expect to have an average annual net return of 5608 per
SA over a ten—year planning horizon. The operation would have an IRR to
equity of 71 percent, and IRR to total investment of 17 percent and a pay-
back period of two years. This production system would represent a size
operation that would capture most of the economies of size, thus establishing
a point of reference to potential investors for minimum capital investment.
Much improvement can be made on the BEE model by integrating more ac-—
curately descriptive algorithms and functional relationships in an attempt

to better represent actual operation and production of a proposed system.

Assumptions established which limit the model and need to be improved upon

through future research include:

1. Better understanding and description of the growth functions of indi-
vidual shrimp and of the entire population. Biological parameters such
as dissolved oxygen, temperature, and nitrogeneous wastes and fluctuations
in their levels over time must be understood. Methods of controlling
the parameters (i.e., water exchange) and the marginal impact upon
growth relative to change in the value of any parameter need to be
better qualified and incorporated into the growth function. More
descriptive data concerning growth and impinging factors need to be
generated.

2. Predicting survival over time more accurately in order to provide valid
assessments of biomass of the population at a given time prior to har-
vest. At present, very little is known about survival within a pond
except at the time of harvest. Costs related to standing crop, such as
feed and feeding labor, would be more accurately quantified with an

understanding of survival.
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Documentation of input, in terms of physical units (i.e., machinery and
equipment, labor and management), for a commercial operation. At
present, these wvalues in the model are represented by non-documented
values which represent current opinion of research personnel generated
through on-going research efforts.

Development of other facility designs to be inserted into the model to

provide design alternatives oriented toward current investor interests.

The model is flexible enough to allow the inclusion of other system

designs generated through advancing technology.

5. Integrating a hatchery system into the model. At present, no hatchery

facility is included in the model. The necessary post—-larvae are as-

sumed to be obtained from a local hatchery.

Future research should be directed toward the area which will have the

greatest impact on advancing technology per research dollar. 1In an attempt

to relax assumptive rigidity, the semsitivity analysis in the study suggests

that sucsessful research efforts into increasing the control on yield (pounds

of tails) will have a large impact on an economically feasible system.

At

present, production of the Brazoria County facility is plagued by variability

from pond to pond from year to year, which in large part is unexplained.
revealed by the sensitivity analysis, a much better understanding of in-

fluencing factors involved and how to control these factors is of utmost

As

importance. Based on the sensitivity analysis, the crux of future research

should be understanding factors influencing production consistency (total

yield and tail size for a given stocking density and grow-out season) and

being able to accurately predict and manipulate these factors with a certain

degree of confidence and, thus, demonstrate control over production.
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Until further research is accomplished toward various biological and
production~oriented factors involved in penaeid shrimp mariculture along the
northern Texas Gulf coast, the risk involved possibly outweighs the antici-
pated high returns. Many biological relationships relative to the entire
culture system need to be more accurately identified and quantified in
order to provide potential ipvestors a more valid insight into production
potential. The profit potentiéi of penaeid shrimp mariculture is evident,
In recognition of the recent advances made in production and maturation
technology, the economic feasibility of penaeid shrimp mariculture is indeed
on the threshold of reality. .However, as long as the potential investor
faces a relatively high level of uncertainty regarding production, and
the extent of contreol over production in comparison with other investment
alternatives remains low, commercial investment in the Brazoria County

facility design along the northern Texas Gulf coast may well be limited.
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PROGRAM DOCUMENTATION

The softwear (computer program) for the BEE model is written in Fortran
for a WATFIV compiler. Maximum portability from system to system can only
be achieved by recognizing the special extensions to the Fortran language
of WATFIV {(format free input—output, character variables, expressions in
output lists, etc.). Theprogramis written for use on the 0S version of
the WATFIV compiler onm the Texas A&M University Data Processing System.

This version allows the user to exercise extended 'I/0 capabilities. Storage
area of 320K bytes is required for a program run.

The following sections discuss the actual program, input requirements
to make a run, and the possible output from the program. Refer to pages

63 to 109 for the source and data deck listings of the program.
Source Deck

Lines 1-2316

The programming found in this line range is the program source deck.
Lines 1-123 are the main program. This is where the storage matrices are
established in core and the necessary data is read into the storage space.
Lines 70-121 call subroutines in the proper order of execution to produce
the desired output. It is possible to skip certain subroutines but the
order in which they are called and executed can never be altered. Lines
124-2315 contain the program subroutines. Each subroutine has a specific
function as denoted by comment statements immediately preceding each sub-

routine.

Data Deck - Input Requirements

The data deck contains character and numeric data. All numeric data

is read in format free and can be changed to meet the individual user's
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input needs; however, real data must remain real and integer data must
remain integer. Character data can be altered relative to format guid-
lines established in lines 6-8 and 44-49 of the source deck.

Lines 2317-2374 (HEADER, TITLE, LABEL)

The character data found in this line range are used for row headings
in Tables Al to A7.
Lines 2376-2378

This information refers to specific times in the production season.
Line 2376 refers to the day of the year that stocking oceurs (SDATE). Line
2377 refers to the day of the year that harvest occurs (HDATE). Line 2378
refers to the number of days after stocking that feeding is begun (NFPO.
Line 2379 (MONTH)

Contains the days of the years for each month. These values are stored
for use in subroutine MATRIX.

Lines 2381-2395 (INPUT)

These lines provide space for miscellaneous information to be used
throughout the program. At present, omnly eight lines in the range contain
data. Line 2383 refers to the estimated hours of maintenance labor per
linear foot of levee. Line 2386 gives the combined number of pounds of
fertilizer used per surface acre in a full and partial application. Lines
2387 and 2388 provide the pounds per surface acre for a full and partial
application, respectively. Lines 2389 and 2390 refer to the expected miles
per gallon fuel usage for the trucks and tractors, respectively. Line 2393
gives the kwh of electricity used by the office building in summer (the
other seasons are programmed in as a percentage of this). Line 2394 is
the number of gallons of city water used to rinse each vehicle after a day

of work., Line 2395 is blank storage area.
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Lines

2397-2399

The information contained in lines 2397, 2398 and 2399 allows variable

amounts of information to be stored in FXPRIC, VPRIC and VAR arrays,

respectively.

Lines

2401-2402 (FXPRIC)

These two lines contain the per unit prices for the fixed Input. The

items

for which the prices apply are listed in order as follows:

Land per acre

Cost to move a cubic yard of dirt for roaded levee construction
Cost to move a cubic yard of dirt for non-roaded levee construction
Crushed rock per cubic yard

Office building per square foot

Cost to move a cubic yard of dirt for raised earthen office foundation
Truck per umit

Tractor and accessories per unit

Trailexr per unit

Feed blower per unit

Appropriate size extended shaft pump w/diesel driver per unit

Pump shed per unit

Filter and apparatus

Lumber walkway per unit

Drain valve per unit

4-inch pve pipe linear foot

Appropriately size concrete pipe per linear foot

Lines 2404-2423 (VPPRI(C)

This range of lines coutains - the per unit prices for the variables.

inputs found in output Tables A2 .and in the detailed annual budget.

The expenses for which the prices apply are given in order as follows:
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Line

Rired labor per hour employed for feeding
Hired full~time labor per hour
Hired labor per hour employed for maintenance of ponds

Management salary (on a per hour basis) employed for maintenance
of ponds

Hired overtime labor per hour employed for harvesting
Management salary (on a per hour basis) employed for harvesting
Management salary (on a per hour basis)

Feed (25% protein) per round

Fertilizer (46~0-0}, (0-46~0)

Gasoline per gallon (consignee bulk-rate)

Gasoline per gallon (consignee bulk-rate)

Diesel per gallon (consignee bulk-rate)

Diesel per gallon (consignee bulk-~rate)

Diesel per gallon (consignee bulk-rate)

Diesel per gallon (consignee bulk-rate)

Diesel per gallon (consignee bulk-rate)

Diesel per gallon (consignee bulk-rate)

Electricity per kilowatt hour

No information found here - price for water is found in next group

of information
Crushed ice per pound

Post~larvae each

2425-2457 (VAR)

program. Lines 2435, 2437, 2441, 2447 to 2449 and 2452 will be discuss

separately. Line 2425 is the number of pond units the operation has.

2426 is a constant; the number of square feet to an acre. Line 2427 is

length to width ratio of a pond unit. Lines 2428 and 2430 are constants
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cubic feet per linear foot roaded and non-roaded levee, respectively. Line
2431 and 2432 refer to machine efficiencies - pump and power unit efficiency,
respectively, Line 2433 represents the BTU's per gallon of diesel fuel.
Line 2434 represents the total dynamic head of the system design. Line
2436 is the stocking density per water surface acre. Line 2438 is a blank
storage location. Lines 2439 and 2440 vepresent price for city water -
price per gallon for first 1000 gallonquantity and price per gallon for
the following quantities Lines 2442 to 2446 contain values pertaining to
the design of levees. Lines 2442-2443 refer to the side lengths of non-
roaded and roaded levees, respectively. Line 2444 refers to the base width
of aroaded levee. Lines 2445 and 2446 refers to the top widths of roaded
and non-roaded levees, respectively. Line 2450 refers to the depth of water
desired in each pond unit. Line 2451 refer to the system type the user
wished to specify (to be explained later). Line 2453 represents the length
of pipe necessary to extend through the levee bottom approximately one foot
above the pond bottom. Lines 2454 and 2455 refer to daily exchange rates
(percentages) - minimum and maximum daily exchange rates, respectively.
Line 2456 represents the Hasen-Williams roughness coefficient for pipe
employed in the system. Line 2457 refers to the system design chosen if
an alternative system design is selected (to be explained later).
Lines 2459-2502 (LOAN)

This range of lines contains the necessary information for loan cal-
culations on =ach item on which a loan is carried. Every four lines con-

tain a complete set of loan information on each item concerned.

Line 2460 is assigned in the program the original value that is assumed as
a salvage value., Line 2462 contains the years of expected life, percent
financed, contractual interest rate on the loan, number of payments per -

yvear, and years in the payment period of the loan, respectively.
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Line 2503-2510 (INSUR)

The information contained in this line range represents the data neces-
sary to complete property and employee insurance costs for the operation.
Line 2503 is a code for type of employee insurance provided: 1 - Farmer's
Liability or 2 -~ Workman's Compensation. Line 2504 refers to the annual
percentage rate of replacement value on insured machinery. Line 2505
refers to flat rate expense of insurance on property for Farmer's Liability
and applied to operation size of 0-160 acres. Lines 2506-2507 are the same
as 2505 except the values apply to operation sizes of 161-500 and 500 - =
acres, respectively. Line 2508 refers to the cost ($) per $100 of payroll
for Farmer's Liability coverage. Line 2509 refers to the percentage rate
of building values for full coverage. Line 2510 refers to the cost (%)
per $100 of payroll for Workman's Compensation coverage.

Lines 2511-2517 (TAX)

The information contained in this range of lines represents the data
required to determine the appropriate income, payroll, and property taxes
for the operation. Line 2511 refers to the percenage rate of social secur-
ity tax per employee's annual wages. Line 2512 refers to the maximum annual
income per employee that is subject to social security taxes. Line 2513
is the maximum annual income per employee that is subject to unemployment
taxes. Line 2514 is the unemployment tax rate per employee.. Line 2515
is the percentage of real property (buildings and machinery) value that is
subject to local real property taxes. Line 2516 is the local tax constant

multiplied by every $100 of the preceding taxable value. Line 2517 provides

the social security rate on owner operator's income (sole proprietor net

income) up to the makimum taxable income value stored in line 2512,
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Line 2518

This value is displayed in Table Al as the units of land per acre.
Line 2519 (YEAR)

This is the object year of the analysis desired by the user.

Line 2521-2523 (PUMPVL)

The values stored in these two lines are the price for the pumps from
which the programmer selects., The respective GPM's for the pumps can be
found in lines 361-369 of the source deck for extended shaft pumps and lines
392-398 of the source deck for Hydroflow pumps. All of the prices in line
2521 and the first price in line 2522 apply to extended shaft pumps. The
remaining prices in line 2522 apply to Hydroflow pumps.

Lines 2523-2527 (VMAX, SOIL, Z, ST, F¥B)

The data in this range of lines deals with the engineering aspects
considered in the computation of pump, pipe, and pumping fuel costs for
alternative designs not considered in the scope of this paper.

Line 2528 (HEAD)

This value is the head from reservoir surface to pond surface.
Line 2529 {MTYPE)

This value is a code designating which alternative system is to be
utilized. These systems are beyond the scope of this paper.
Line 2530 (DIAM2)

The values found in this line are the fifteen different concrete pipe
diameters (inches) that the system has to select from.
Line 2531 (PIPEVL)

These values are the corresponding prices per linear foot installed
for the above concrete pipe sizes.
Lines 2532-2537 (VALUE)

This array represents the sixty ex-vessel prices for the months of
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June (Line 2532) through November by the ten different tail count sizes.
From leftmost: >15/1b., 15-20, 21-25, 26-30, 31-35, 36-40, 41~50,
51-60, 61-70 and z71.
Line 2538 (RATE)

The value found here represents the opportunity cost assumed in this
study. This value is given as a percentage and is used to calculate the
"Required Return to Equity Capital" found in Tables A6 and A7.

These remaining lines serve only to delineate one group of data from

another. They contain no data.

Desired Output

There are certain lines found in the data set that are reserved for
codes that request certain output from the program. A code is established
where a 1.0 requests output and a 2.0 suppresses the output. The following
lines (along with the applicable output) are reserved for that information:

Line 2435 - Table Al

Line 2437 - Tables A2 and A3
Line 2441 - Tables A4 and A5
Line 2447 - Table A6
Line 2448 - Table A7

Line 2449 - Table A8

Line 2452 - Table A9
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Summary -~ How To Run The Program

Prior to making a run with the program, the user should review the
values entered in for 1lines 2376-2538. The user should be in aggreeﬁent
with these values. Most of these values can be accepted as applicable to
a typical situation. However, it is recommended that the user specifically
check the following lines to be sure the model incorporates the critical
values the user wishes to employ.

Line 2376-2377 Length of grow-out perioed

Line 2401-2433, 2521-2522

2531-~2537 Current prices
Line 2425 Number of pond units
Line 2428 Water surface acres per pond
Line 2436 Stocking density per water surface
acre
Line 2519 Object year of analysis

Line 2435, 2437, 2441
2447, 2448, 2449, and

2452 Desired output
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